Abstract -Under reducing reaction conditions vitamin B12 and related cobalt complexes are powerful catalysts for the 1,4 addition o alkyl-.,vinyl -and acyl derivatives to activated olefins. Several examples illustrate the intraand intermolecular (C-C)bond formation. The reaction mechanism involves the formation and cleavage of a (Co-C)bond.
INTRODUCTiON
Vitamin B12 and a number of related cobalt complexes have been shown to act as catalysts in non-enzymatic reactions such as autoxydation, hydrogenation of olef ins, reduction of functional groups, reductive elimination and reductive (C-C)bond formation (Ref. 1) . Of special interest in organic synthesis is the selective formation of (C-C)bonds under mild reaction conditions using nontoxic, naturally occurring catalysts, such as vitamin Bl2a.
1,4 additions of organic halides to activated olefins by means of organometallic intermediates are well-known. The most important version is the so-called conjugate addition of organocuprates (Ref. 2) . Generally these reactions involve several steps, the protection of base-sensitive functional groups is necessary and a stoichiometric amount of copper reagent is used.
Based on the known organometallic chemistry of vitamin B12 (Ref. 3 & 4) and related cobalt complexes (Ref. 5 ) a new version of the addition of alkyl-, vinyl-and acyl-derivatives to activated olefins has been developed, which offers several advantages: the reaction is carried out in one step, the protection of base-sensitive functional groups is not necessary, the cobalt complexes (vitamin B12) are used only in catalytic amounts.
BASiC PRINCIPLES
Cobalt complexes, suitable as catalysts in (C-C)bond forming reactions under reducing conditions should exhibit the following properties:
-they should easily and reversibly be reduced to the corresponding Co(I) complexes.
-the Co(I) complexes should exhibit high nucleophilicity at Co and form readily organometallic intermediates containing a (Co-C)bond with alkyl-, vinyl-and acyl-derivatives in fast reactions.
-the (Co-C)bond of the organometallic intermediates should be cleaved in a fast reaction with the formation of an active carbon species and a cobalt complex, which has to be recycled to the active Co(I) complex at the same reaction conditions.
-the cobalt complex should exhibit appropriate solubility and stability under the reaction conditions.
Hydroxycobalamin-hydrochloride (vitamin Bl2a) 1, and the synthetic Co(HDP) complex 2 (for the five-step synthesis ex acetone see Ref. 6 & 7) have been found to be excellent catalysts. Other cobalt complexes as e.g. cobalt(II)phthalocyanine, cobalt tetraphenylporphyrin or cobaloximes might also act as catalysts under suitable reaction conditions. * Co(HDP) stands for 2, 3, 3, 7, 7, 8, 8, 12, 12, 13, 13, 17, 17, 18, Catalytic cycle. -Since in a catalytic cycle the (Co-C)bond has to be formed and cleaved in fast reactions and under the same reaction conditions, two main procedures can be envisaged:
-if the catalytic reaction is carried out in the dark, a reduction potential has to be chosen at which the alkyl-cobalt(i1I) complex is reduced. This potential is limited on the negative side by the direct reduction of the electrophile R-X the activated olefin or the solvent (cf. Fig. 2 ).
-if on the other hand, upon exposure to visible light (X = 400 -500 nm) the (Co(iii)-C)-bond cleavage is achieved photochemically, a sufficiently negative reduction potential has to be chosen to ensure the reformation of Co(i). This potential is much less negative than in the dark-reaction and lies at -0,9 V (SCE). (cf. Fig. 2 ). Z = it-acceptor group electrophiles undergoing oxidative addition with Co(l).
As a result of the reductive or photochemically induced cleavage of the (Co-C)bond, a reactive carbon species is split off and undergoes further reactions according to the reaction conditions. in case of reductive cleavage in the dark in presence of protons and absence of activated olef ins the corresponding protonated species were isolated. Since the protonation occurs with retention of configuration, it may be concluded that neither a free radical nor a free carbanion is involved (Ref. 17 & 18) . in presence of activated olefins the products of conjugate addition are formed even in protic solvents.
VITAMIN B12-CATALYZED CONJUGATE ADDITION
The electrolysis of alkylhalides R-X in presence of activated olefins at -1,5 to -1,6 V (SCE) in the dark and in presence of catalytic amounts (1 to 10 mol%) of 1 or 2 leads to coupling products (equation 1). As by-products the corresponding alkanes R-H might be formed (equation 2). in order to elucidate the sequence of reaction steps a starting material 3 has been chosen, which contains the alkylhalide and the activated olefin within the same molecule. its electrochemical reduction (in a conventional, divided cell at a Hg-pool cathode) in presence of one equivalent of 1 (or 2) at -1,0 V in the dark led to the alkylcobalt complexes 4 (or 5) in almost quantitative yield. The structure of the complex 4 (or 5) was determined by elemental and instrumental analysis. Further electrolysis of 4 (or 5) at more negative potential (-1.6 V (SCE)) resulted in almost quantitative formation of decalone 6 and the recycled Co(i) complexes of 1 (or 2) (Ref. 19) .
intramolecular (C-C)bond formation. -The experimental results provided in Table 1 reveal the two competing reactions (conjugate addition leading to bicyclic-or spiroketones and proton capture leading to products exhibiting a hydrogenolyzed side-chain). Cyclisation predominates if the reactive center in the side chain can easily adopt a spatial position favourable for an attack on the activated olefin. Intermolecular (C-C)bond formation. -Intermolecular coupling reactions according to equation 1 have been studied in case of 3-halocholestanes and different Michael acceptors. Preliminary studies reveal that either 3cx-and 313-iodo-or bromo-cholestane on electrolysis with 2 at -1.0 V (SCE) result in the formation of one alkyl-cobalt complex exclusively, which bears the Co-substituent in 33-position. Results of the catalyzed intermolecular coupling are compiled in Table 2 . It is noteworthy that under these mild reaction conditions an unprotected carbonyl group in the alkylhalide remains unattacked (cf. entry 5 to 7). The a:f3 ratio of the coupling products is obviously related to the relative reactivity of the Michael acceptor. Highly reactive acceptors lead predominantly to less stable 3cx-isomers, whereas less reactive acceptors lead to the thermodynamically more stable 3i3-isomer (cf. entry 4). For the coupling of allyl groups to activated olefins only the allylchlorides are suitable, the corresponding bromides and iodides being too reactive. On the other hand, the coupling of vinyl derivatives to Michael acceptors is possible only with the corresponding vinyliodides. An example is the vitamin B12-catalyzed conjugate addition of the unprotected hydroxyvinyliodide 7 to cyclopentenone 8 leading to the hydroxyketone 9 (mixture of two diastereomers).
. The new vitamin B12-catalyzed conjugate addition of alkyl-, vinyl-and acyl derivatives to activated olefins represents an attractive method for the formation of (C-C)bonds in a onestep procedure under mild reaction conditions.
